The mitogen-activated protein (MAP) kinase cascade plays a central role in intracellular signal transduction not only in animals and yeasts but also in plants. [1] [2] [3] Previously we constructed a cDNA library of symbiotic root nodules of Lotus japonicus, 4) a model legume. 5) We isolated a full-length cDNA for a MAPKKKalpha ortholog from the library by the method described, 4) using an EST similar to MAP kinase kinase kinase (MAPKKK; accession no. AV415038) as a probe. The cDNA, designated LjM3Kalpha (accession no. AB167408), is 2,351 bp in length and contains a 1,881 bp open reading frame for a 627-amino acid polypeptide that shows high similarity to those of Arabidopsis and Brassica MAPKKKalpha (Fig. 1A) . To the best of our knowledge, this is one of the first papers to describe the complete cDNA of a MAPKKK gene of a A and B, phylogenetic trees. An unweighted pair group method with an arithmetic mean tree 18) was used for the amino acid sequences, using Genetyx-Mac software (Genetyx, Tokyo, Japan). The values on the branches are the branch lengths in the numbers of amino acid substitutions per site. AtM3Kalpha, BnM3Kalpha, and LjM3Kalpha, MAPKKKs of A. thaliana, B. napus, and L. japonicus respectively; AtM3Kgammma, MAPKKK of A. thaliana; AtUnknown and OsUnknown, unknown proteins of A. thaliana and O. sativa respectively; AtMEKK1 and MsMEKK1, MAPK/ERK kinase kinases of A. thaliana and M. sativa respectively; NtNPK1, Nucleus-and phragmoplast-localized protein kinase of N. tabacum; ANP1, NPK1 homolog of A. thaliana; pirD85436downstr, a C-terminal portion of the hypothetical protein; and LjNUF, L. japonicus nodulin of unknown function. Database accession numbers are indicated in parentheses. C, schematic representation of LjNUF, Pir//D85436, and AtM3Kgamma polypeptides. Similar regions are indicated by identity at the amino acid level. The kinase domain of MAP3Kgamma is also indicated. Genes encoding shaded regions have been shown to give rise to transcripts. It is unclear whether the open region of Pir//D85436 is transcribed.
legume. An alfalfa MAPKKK gene, OMTK1, was just published independently by another group. 6 ) Southern blot analysis of the L. japonicus genomic DNA under high stringency conditions gave a single band for EcoRIand HindIII-digested samples (data not shown), suggesting that LjM3Kalpha is a single-copy gene. Real time RT-PCR indicated that the expression of LjM3Kalpha is ubiquitous ( Fig. 2A) , like that of beta-actin (accession no. AV415191), a constitutive gene (Fig. 2C) . 7) This result is not surprising because in Arabidopsis most MAPKKK genes do not show variation in their mRNA levels, 8, 9) except for stress-inducible AtMEKK1 10) and ANP1 11) which is involved in cytokinesis. 12) Besides the MAP kinase cascade, we are interested in nitrogen-fixing root nodule-specific genes, or nodulin genes.
13) The designation of a nodule-enhanced gene (accession no. GNf010d02) as a MAPKKK-like gene, which was found upon large-scale analysis of an L. japonicus cDNA macroarray (H. Kouchi, unpublished data), prompted us to characterize the gene. Using the EST as a probe, we isolated a cDNA designated LjNUF (for ''L. japonicus nodulin of unknown function'') from the nodule cDNA library. LjNUF (accession no. AB167409) is 1,220 bp in length and contains a 1,011 bp open reading frame for a 337-amino acid polypeptide. A BLASTX search revealed that the protein most similar to LjNUF is an Arabidopsis MAP3K-like protein kinase (Pir//D85436). LjNUF also showed high similarity to Arabidopsis and rice proteins of unknown function (Fig. 1B) . Genomic Southern blot analysis gave a single band for EcoRI-and XbaIdigested samples (data not shown). We also found the genomic sequence of LjNUF (accession no. AP006380) in databases. Comparison of the cDNA and the genomic sequence revealed that the LjNUF gene includes 8 exons and 7 introns in the coding region (data not shown). Real time RT-PCR indicated that LjNUF is a novel nodulin gene, because its expression is significant in nodules but negligible in uninfected roots and shoots (Fig. 2B) . The expression of LjNUF is also low in mycorrhizal roots (Fig. 2B) .
Recently, many gene products have been renamed with the aid of a full-length cDNA collection. 14) Further in silico examination revealed that the original hypothetical protein (Pir//D85436) was annotated incorrectly, being two proteins in fact. One, encoded by an upstream gene (accession nos. At4g36950, AY070367, and AY096529), is similar to the kinase domain of MAPKKKgamma, a close cognate of MAPKKKalpha (Fig. 1A and C) . 1, 15) Thus, this protein may exhibit kinase activity. The other hypothetical polypeptide, encoded by a downstream gene, is similar to proteins of unknown function, including LjNUF (Fig. 1B) . Because the hypothetical protein is not related to MAPKKK at all (Fig. 1C) , LjNUF does not appear to be a protein kinase. It is not known whether the downstream region for Pir//D85436 is transcribed either (Fig. 1C) , although the other genes shown in Fig. 1B are functional, giving rise to transcripts. LjNUF was first induced on nodule primordia formation and its mRNA level increased during further nodule development, as in the cases of many known nodulin genes (H. Kouchi, unpublished data). The hydrophobicity plot of LjNUF constructed using the Kyte-Doolittle algorithm 16) indicated that about 28 amino acids at the N terminus make up the signal peptide (data not shown). In addition, the PSORT program (http://psort.nibb.ac.jp/) predicted that LjNUF is a secreted protein. Thus, LjNUF may function A, LjM3Kalpha; B, LjNUF; and C, actin gene (accession no. AV415191). L. japonicus seedlings were grown and inoculated with Mesorhizobium loti 19) or Glomus mosseae (Y. Deguchi and S. Hata, unpublished). Total RNA extracted from non-infected roots, mature nodules, shoots, and mycorrhizal roots (Myc) using an RNeasy Plant Mini Kit (Qiagen, Hilden, Germany). Each RNA preparation was reverse-transcribed with oligo(dT) and Superscript II (Invitrogen, Carlsbad, California, U.S.A.), and then subjected to real time PCR with specific primer pairs and SYBR Green I according to the manufacturer's instructions (Real Time RT-PCR Core Kit, TaKaRa BIO) using a Smart Cycler system (Cepheid, Sunnyvale, California, U.S.A.). The forward and reverse primers for LjM3Kalpha, LjNUF and the actin gene were 5 0 -ATGCCACTCT-CACTCTTGATC-3 0 and 5 0 -TTTTGAAGGTCAACAACCACA-3 0 , 5 0 -ACTTGATTAGGCTGTGAGCAA-3 0 and 5 0 -ACATTCTTAAGCATG-TAAGGC-3 0 , and 5 0 -GCATTGTTGGTCGTCCTCGT-3 0 and 5 0 -TGTGCCTCATCCCCAACATA-3 0 respectively. For LjM3Kalpha and LjNUF, the reaction mixture was heated at 95 C for 30 s and then subjected to PCR cycles of 95 C for 10 s, 55 C for 10 s, and 72 C for 30 s, the resulting fluorescence being monitored. For the actin gene, the mixture was heated at 95 C for 60 s and then subjected to cycles of 95 C for 10 s, 55 C for 10 s, and 72 C for 20 s. A calibration curve was drawn for each gene using a sequentially diluted plasmid and then used to estimate the content of each mRNA species in total RNA. in the apoplast of nodules or the peribacteroid space of bacteria-infected cells. A preliminary gene silencing experiment of LjNUF with the aid of hairpin RNA 17) resulted in no obvious change of phenotype (data not shown). The biological role of LjNUF in root nodules remains to be clarified.
